apple production. And statistics qualify apple as the major type of fruit in Korça. In year 2016 it occupied 69% of the region total area planted with fruit, and 83% of the fruit production 3 . Korea farms as well are small and very fragmented, with an average size of 14 dumdums. Apple production trends in Korea have been powerful, as a result of new plantations and growth of productivity. Thus, in year 2016 in comparison with year 1995 the volume of apple production increased by about 15 times and yields by 3 times.
Research problem, goal and objectives
In a context of a fast-growing apple producing subsector, the need to know the level of its efficiency, that is efficiency of farm land and other farm resources devoted to its production, including state support has become critical. Alongside with this, it is also important the need to know farm-to-farm differences in the level of efficiency of resources used, to make aware policymakers of the need for policy measures, local and national initiatives and programs to improve use of resources in the future. All these constitute the research problem of this study.
The purpose of this study is to assess the level technical efficiency of the apple production in Albania, specifically Korça area. Specific research objectives are:
-Evaluate an aggregate level of technical efficiency of the small-scale apple production sector in the study area.
-Identify major factors or determinants that actually govern the level of apple efficiency or inefficiency.
-Based on research findings, indicate initiatives and policy measures to enhance the efficiency level in apple.
Literature review

Conceptual framework
Efficiency is a key economic concept. Economic efficiency is the ability of a firm to produce and distribute its product at lowest possible cost (Issacs and Martin, 1993) . Otherwise, 3 Agricultural Statistics of Korça Region, 2016. a farm is economically efficient if it is able to produce an amount of output at minimum cost for a given level of technology (Farrell, 1957) . A precondition for the economic efficiency is the technical and the allocative efficiency.
Technical efficiency is the ability of a firm (farm) to produce maximum output from a given set of inputs, or to produce a given amount of output with minimum inputs.
Allocative efficiency is the ability of the firm to produce at minimum cost, or use inputs in optimal proportions for given input prices and technology. Graph 1 below illustrates technical and allocative efficiency.
In this research we deal with technical efficiency of apple production.
A firm is using two inputs X 1 and X 2 to produce a type of product. II' is the isoquant curve, representing all points with the same amount of output obtained by using minimum inputs. For different points on the curve we same output but different combination of inputs X 1 and X 2 . So if firm is on II' it is efficient. If it uses inputs in amounts as determined by point A it will be inefficient. Graphically inefficiency is the segment AB. In relative terms, inefficiency is the ratio AB/OA. This ratio is less than one. Inefficiency is the proportion by which inputs could be reduced without loss in output. Technical efficiency is the ratio OB/ OA. Allocative efficiency is achieved at point E, Graph 1 -Technical efficiency and allocative efficiency. because it is the touch point of isoquant and the budget line L. At this point the proportion of inputs is optimal and the same amount of output is produced at minimum cost. AE is the ratio OC/ OB. Economic efficiency would be the production of TE and AE. At point E both TE and AE and economic efficiency equal to one.
If we denote by Y max the maximum amount of production that can be produced with a given set of inputs, and by Y we denote the factual volume of production, then the technical efficiency could be calculated:
While the technical inefficiency (TI) is the opposite of the technical efficiency and could be calculated|:
More theoretical information about technical efficiency can be found in (Debertin, 2012) ; (Khan and Saeed, 2011) ; (Osmani and Andoni, 2017) .
Empirical research
Empirical research about technical efficiency is abundant. Most of it is focused on the assessment of the level of technical efficiency, as well on the identification and assessment of factors determining it for specific farm products, or the whole farm production in general. All these factors could be economic, socio-demographic, technological, and environmental including weather factors. Apart from theoretical wisdom and expectations, for different products, and development context of countries, even for the same product and country, empirical findings do not always converge.
Coelli and Battese studied inefficiency factors for Indian farms and found that age, education and farm size were important factors for technical efficiency. They used one-stage SFA (Stochastic Frontier Approach) technique, that is they put in one model the production inputs and potential inefficiency determinants or factors (Coelli and Battese, 1996) . Other authors also argue that efficiency change in farming is driven by education, extension, the ratio of family-to-total labor, the farm size, as well as weather variables (Dar-lington and Shumway, 2015) . Other researchers studied the effect of a combined public-private extension service on efficiency (Dinar et al., 2007) . They used a non-neutral Stochastic Frontier Approach in the Cretan agriculture and found that combining both types of extension service, private and public, is more efficient as compared to no extension or only one type of extension.
Some authors used time-varying and time-invariant inefficiency models of production (Simwaka et al., 2013) . In a study for farm efficiency in South Africa the results they obtained show that fertilizer, labor, seeds, and farmers' age contribute to technical efficiency. In an efficiency study for Turkish agriculture using the SFA method based on information gathered for a sample of farm managers is found that education, experience, credit use, participation by women and information negatively affected technical inefficiency; while age, family size, off-farm income and farm size had a positive relationship with inefficiency (Bozoğlu and Ceyhan, 2007) .
Some Indian researchers surveyed 461 farmers from the district of Pulwama of Jammu & Kashmir (India) and showed that occupation, farm experience, household size, farm size, and seed type were found to be important factors of farm technical efficiency (Bhatt and Bhatt, 2014 ). An analysis of raspberry production in Chile showed that age, experience and training had a significant but negative effect on efficiency. Education and extension didn't have any effect (Jara-Rojas et al., 2016) .
Specifically for fruit production, a study on technical efficiency of fruit production in carried out for Afghanistan (Mohsen, 2017) . For the production function he found that land water, fertilizers, manure, number of trees, pesticides and other inputs. Only land and trees result significant. For the technical efficiency he found that age, household number, and education were not significant, while the expertise was significant but with negative effect on efficiency.
SFA method has been used also to evaluate technical efficiency of grape production (Moreira et al., 2011) . The authors take into consideration factors such as the farm size, number of blocks and size of blocks, fertilizers, labor cost, machinery cost, age of plantation, type of grape and location of the farm in the country. Labor cost, age of plantation, size of blocks resulted positively significant, while inputs had no effect, type of grape and machinery cost also had a significant and positive effect.
In a research for the assessment of technical efficiency in fruits and vegetables (Rajendran, 2014) , using SFA method found that farm size, education and access to credit, road facilities, labor cost, share of irrigated area and use of fertilizers contribute positively to efficiency. In relation with apple production in Pakistan, (Murtaza and Thapa, 2017) , found that farmers' experience and access to training and extension services affect positively and significantly the apple farmers' technical efficiency.
SFA method is used also to investigate the technical efficiency in olive growing farm sector in Spain (Lambarraa et al., 2007) . The authors take into consideration land, labor, amount of fertilizers and pesticides, irrigation, age of farmers, price of pesticides and fertilizers, age of olive orchards and their location, composition of work force in terms of farm and hired work, etc. They found that age of managers, location of farms and workforce composition affected significantly the level of technical efficiency.
Another interesting study has been made for the case of olive growing in Greece (Crete) using panel data (Tzouvelekas et al., 1997) . It revealed that olive farm efficiency is affected by farm size, the farmer's education, the existence of an improvement plan, and land fragmentation. Again for olive production, the technical efficiency has been studied in case of Tunisia (Kashiwagi et al., 2012) . The authors found that number of tractors, number of farm plus hired working days, cost of inputs, number of trees had significant effects on the volume of production. Regarding technical efficiency model, he found that the share of irrigated trees, education and technology levels, olive area, and the cultivars had positive effects, whereas labor had a negative effect on production.
The efficiency of the small banana growers in Kushtia district of Bangladesh is studied using a translog model (Hossain et al., 2015) . The authors found that size of land used, fertilizers amount and cost of labor as factors in the production function and found that age and education level of the farmers had a positive effect on technical efficiency, while experience had negative effect.
The efficiency is studied also for non-fruit sector and efficiency factors are similar. As an example, in case of tomatoes growing in Pakistan it is found that public education and again extension services are determinants of efficiency of tomatoes growing (Khan and Saeed, 2011) .
Research hypotheses
Review of literature revealed a number of variables as potential factors to be used to assess technical efficiency in apple production. Based on the research goal and objectives, findings from literature review, and the specific development context of agriculture in Albania, we formulated the following research hypotheses:
1. Farms having larger number of plots, with larger average plots size and larger proportion of apple farm size under modern technology, are expected to have higher production technical efficiency, ceteris paribus. Otherwise, a positive effect of these factors on efficiency is expected.
2. Farmers having more years of formal education, who are older and have more years of experience in farming are expected to have higher level of production technical efficiency, ceteris paribus. Otherwise, a positive effect of these factors on efficiency is expected.
3. Farmers having better access to quality farm advisory services are expected to have higher level of technical efficiency. ceteris paribus. Otherwise, a positive effect of these factors on efficiency is expected.
Data and methods
Data
In Albania there doesn't exist any system of farm data records, such as FADN data system that exists in EU countries. Thus, to collect data we used a special survey. An accidental sampling of 150 apple producer farmers in Korça district was carried out and a questionnaire was completed for each farmer (excluding those who refused to be interviewed or missing at the time of interviewing) through face-to-face interviewing.
A key point in using SFA method for production efficiency assessment is the determination of factors to be included in the production model. In this context, all potential production factors can be divided into two categories: production inputs and efficiency factors. Based on theoretical wisdom and empirical evidence , major inputs for apple production are farmland size planted with apple, use of fertilizers, insecticides and pesticides, and water for irrigation. In our research we use amount of complex fertilizers as a representative variable for use of fertilizers as practice has shown that farmers use commonly this type of fertilizer; times of spraying as a proxy variable for the amount of pesticides and insecticides used; times of irrigations as a proxy for the amount of water used. In relation with the second category of variables, we collected data on farmers' age and education, farming experience in years; to represent the level of technology used we used as a proxy the proportion of the apple area under modern technology; number of plots planted with apple and average size of plots are also potential efficiency variables. As empirical research shows, access to and quality of advisory services used by farmers is also important for the production efficiency. To take account of this we gathered data on access and quality of the advisory services (extension) as perceived by farmers. Table 1 below presents the variables taken into consideration as potential factors of apple production and efficiency.
Method
In our research we used SFA (Stochastic Frontier Approach) method. The key point in SFA is that the residual term in a production econometric model is not just a stochastic error term, but it is composed of two components, inefficiency component, and the error component. So, its basic assumption is that all firms are not equally efficient, that's why even if they may use the same amounts of resources their output may be not the same. Based on this, the econometric model according to SFA would be:
Here X is a vector of independent variables, factors or inputs. B is a set of parameters to be estimated. Unlike the standard regression model SFA assumes that here the error term e is composed of two parts, of an error part (v) and inefficiency part (u):
v-u=e
Here the component u is ≥0), while f(X, B)+e is called Stochastic Frontier, (SF). Using simple algebra, we get u=Y-SF, thus inefficiency means less production for given inputs, so production for each individual farm is under the frontier. To calculate efficiency or inefficiency score for each farm, first we have to calculate inefficiency term u. This could be indirectly calculated supposing different shapes of distributions for u. One of usually used forms is that of half-normal distribution (exponential shape is another). Under this assumption:
The conditional distribution of u given e is u~N (μ * ,σ * ), truncated at zero. Inefficiency term u (its expected value could be calculated using the so-called the Jondrow formula:
Here φ is the density and ϕ is the cumulative distribution function for standard normal distribution. S u and S v are the standard deviations for the term u and v, respectively. Then, technical production efficiency TE for each farm would be:
Technical efficiency TE for the each cross-section (farm) could be calculated alternatively directly by the formula:
Technical efficiency for the sample is:
Here Φ is the cumulative standard normal distribution function.
One important aspect of the SFA is the stochastic frontier f(X, B). In the case of production technical efficiency this model is a production function. This function or a model that can take different forms. Two of most used forms are the conventional Cobb-Douglas and the translog models. The conventional model with k factors X has the following form:
Usually the logarithmic form of the above model is used:
The translog model includes as independent variables also the square of each factor and combinations (arithmetic production) of any pair of factors. It has the form:
The conventional model is easier to estimate and interpret. Also fewer parameters are estimated (k+3). But it assumes that all farms have the same production elasticity for a given input (a i ) and they have constant (equal to 1) substitution elasticities. Sum of the coefficients gives the so-called scale elasticity. On the other hand, the translog model is a generalization of the conventional model and it is a more flexible form of the production function. This form allows to calculate farm-specific production and scale elasticities.
There are two approaches in assessing technical efficiency scores and its determinants, using any of the two models. One approach is to first estimate the production model (conventional or translog as above). Then based on the estimated models the technical efficiency scores are calculated and then a model of TE against its potential factors (with M efficiency factors Z) is estimated:
The first model helps to calculate the TE scores and the last one helps to assess the efficiency factors. One major critic to this approach is that by not including the efficiency factors in the same model with production inputs, the estimated coefficients of the production model are biased.
Another approach is to include in the same model both production inputs and efficiency factors, estimating so only one model. This model helps to calculate TE scores and at the same time to assess efficiency factors. This way of model building is assumed to yield unbiased model parameters (Coelli et al., 2005) . Because of this, the one-stage estimation is preferred. However, in our research we use both conventional and translog models and analyse them to propose the most adequate model for our research case.
To perform model estimation, we used GRETL econometric package, (See GRETL User Guide, 2012). More technical and theoretical information about TE and models of TE the reader can find in Jondrow et al., 1982; Aigner et al., 1977; Coelli and Battese, 1996; Coelli, 1995; Coelli et al., 2005; Gujarati, 2003; Osmani, 2017 .
Results
At the beginning we present some summary statistics for the ratio scale variables only as in Table 2 .
As Table 2 indicates, the average farm size is small of 12.87 dunums; the apple farm in Korça is composed of 3-4 plots with an average of 4.3 dunums per plot. But we can easily identify a large variance of the apple land per farm (up to maximum 45 dunums), number of plots (up to 9) and size of plot (up to 10 dunums). Also, we can see that some farmers are very old (up to 70 years old) and some farms do not use at all fertilizers. Some farms do a lot of spraying (up to 24 times). The variable with the largest variance seem to be the share of modern-type orchard (up to 100%).
The first approach of estimating the technical efficiency is to estimate the production model with all potential production factors, using the conventional Cobb-Douglass function. Based on this model we estimate the technical efficiency TE scores for each farm. At the end, taking TE as dependent variable and efficiency factors as independent variables we estimate the TE model.
Based on (Kambo et al., 2018a) the conventional model describing relationship between production and its major inputs all in log form is shown in Table 3 .
In their paper (Kambo et al., 2018a ) based on the same data set showed that farm labor, resulted insignificant and has not been included in the model. We argue that under the Albanian conditions, where small farms predominate and workforce is abundant and underemployed, this result was also expected. Machine use as a proxy for the amount of farm capital also resulted insignificant. This result was expected; almost all apple farms use in an almost standard way irrigation and spraying pumps.
The regression coefficients are production elasticities. Thus, if apple area is increased by 1%, production is expected to increase by 0.55%, fertilizers' use, irrigation and spraying remaining unchanged. If fertilizers use is increased by 1%, production is expected to increase by 0.19%, apple size, irrigation and spraying remaining unchanged; if spraying number is increased by 1%, production is expected to increase by 0.44%, fertilizers' use, irrigation and apple size remaining unchanged; if irrigation is improved by 1%, then production is expected to increase by 0.38%, apple size, fertilizing and spraying remaining unchanged. Antilogarithm of the model constant results about 441 kg, which formally is the apple productivity of a farm using just one dunum of land, one kilogram of fertilizers and implementing just one spraying.
Using the above regression coefficients as starting values for the Maximum Likelihood efficiency model estimation, we obtained the TE efficiency model as shown in Table 4 .
If we compare estimation shown in Table 5 with results shown in Table 4 we can see that parame-ters of both models are similar in magnitude, but this is not to say that always it happens like this. Now, using the Jondrow formula, as indicated by the methodology of SFA, we estimated technical efficiency sores (TE) for each farm. Descriptive statistics for the TE variable are presented in Table 5 . The average technical efficiency score results 0.88. This result means that on the average, the apple farms could produce (1-0.88) * 100=12% more apple with the same amount of resources they have already used. The best farm has an efficiency score of 0.95 with a potential of 5% more production and the lowest efficiency score is 0.74, with a potential for 26% more production with the same amount of resources the corresponding farms used. The coefficient of variation of TE is 4.7%, while and the median is 0.89 meaning that half of farms have an efficiency score higher than 88%. The coefficient of variation of 4,7% shows that there isn't too much variation in TE between farms, though the standard deviation of the inefficiency term (S u ) shows that differences in TE between farms are significant.
Based on these results, the efficiency of apple production in the Korça district of Albania is good, if not very good. This result was expected, because the apple production in this area is among most developed, farmers are committed to, and the apple in this area is the main source of income for a large number of farmers. However, as other studies show (Kambo et al., 2018b ) about 15% of the apple production is thrown away, because non-sold or rotten. If we subtract this figure from the average efficiency score of 88%, the results of 73% would be the real efficiency score, which of course is the real average score for the apple in the study area. This is of course an alarming situation, because farm resources such as land, The second modeling option we applied is the translog model, using again apple size, use of fertilizers, irrigation and spraying are the major inputs determining apple production volume and the same inefficiency factors. In the translog model we included except for the four above mentioned production inputs their squares all their pair combinations, as well as the hypothetical efficiency factors. Using OLS estimates (not shown here) as starting values for MLE model estimation, the translog model results as shown in the Table 6 .
We can see that none of the production inputs results significant, and in some cases their effect is negative (fertilizers, irrigation, spraying) meaning a negative effect on the production volume. Only in the case of apple farm size the effect is positive and highly elastic. Squares of inputs and their combination (synergy) result almost insignificant (only the combination of irrigation and fertilizers results significant, but negative). All hypothetical efficiency factors results insignificant as well.
Using results of this model we calculated the composite error term (v-u) then based on Jondrow formula we calculated the technical efficiency for each farm. The average TE score for the ensemble of the farm sample and other descriptive statistics are as shown in Table 7 .
The aggregate TE level resulted 0.9. This means that an improvement in TE of 10% is possible with the same quantity of inputs already used. The minimum (worst) TE level is 0,73 or 73%, while the best is 0,97 or 97%. The median level of TE is 91%. The coefficient of variation 4,3% shows that there isn't too much variation in TE between farms, though the standard deviation of the inefficiency term (S u ) shows that differences in TE between farms are significant. The following table 6 shows other descriptive statistics for TE based for the translog model.
As an alternative, to identify and test the effects of apple production efficiency/inefficiency factors we use the conventional model. The estimated model of the technical efficiency is shown in Table 8 .
If we take a significance level of 10%, the age and experience result insignificant; extension, average plot and number of plots results significant with positive effect on TE. Education and share of modern orchard result significant, but with negative effects on efficiency. As indicated by the coefficient of determination equal to 33%, a lot of efficiency variance is under control of other uncontrolled variables except for the ones included in the model.
Discussion
In our research we used two alternative models to assess the technical efficiency and identify factors of apple production efficiency. For the translog model we could identify two important problems: first, none of the inputs results signif-icant; this is a misleading result, because we already know that four inputs have powerful positive and significant effect on apple production (Kambo et al., 2018a) . Second, none of the efficiency factors is significant. This might be true but it might be also not true, as we know it is not true in the case of four inputs. In fact, when we regress efficiency factors individually on production some of them results significant (extension, number of plots and average plot). Furthermore all squared inputs and their combinations resulted insignificant. Technically, the reason for these results might be two: micronumerosity (few data compared to a large number of parameters to be estimated), and inclusion of irrelevant variables in their model. Our sample is small, and we have 24 parameters in our translog model. As Gujarati argues, micronumerosity has similar consequences with multicollinearity between the variables in the right-hand side of the model (Gujarati, 2003) . We calculated the Variance Inflation Factors and found large values for them, indicating high degree of multicollinearity in the model).
Multicollinearity has two major effects. First, it inflates the standard errors of the model parameters, thus reducing the t-ratios and leading so to the non-rejection of the zero hypotheses (non-significance of parameters). Second, multicollinearity can alter the signs of the parameters from positive to negative and vice-versa, as it happened in our case with three inputs. The most common ways of dealing with multicollinenarity are dropping collinear variables or increasing the sample size. Inclusion of irrelevant variables in the model leads also to inefficient estimates (larger standard errors) for the model parameters (Gujarati, 2003) . Because of inefficient estimates, some parameters may result insignificant. Because of this, all insignificant factors or combinations could be excluded from the model, what does nothing but leads to the rejection of the translog model and acceptation of the conventional model.. However, the translog model could be used to assess the aggregate level of efficiency, but we have shown that both models yield almost the same estimates of the TE level. Because of these results and as we tried to explain, we prefer the conventional model instead of the translog one, which also helps to estimate The number of apple plots in the Albanian small apple farms has a positive effect on production technical efficiency. This is in line also with findings from empirical literature (Moreira et al., 2011) . The reason behind that might be that farms with more plots are more effective in avoiding environmental risks by producing in different places with different micro environment and, and they can reduce production risks also by planting different cultivars and applying different technologies in different plots. However this needs to be tested in another study.
The average plots size also has a positive effect on technical efficiency. This also seems to be in line with findings of literature (Coelli and Battese, 1996; Bozoğlu and Ceyhan, 2007; Moreira et al., 2011; Rajendran, 2014) . Economically, larger farm plots may allow more effective use of machinery, water for irrigation and other inputs that may lead to higher efficiency, but dealing with this is beyond the aim of our research.
Farmers with larger proportions of apple cultivated under modern technology have lower technical efficiency. By modern technology one could mean better apple cultivars, new technology of spraying and irrigation, etc. We didn't find in the literature research dealing specifically with this efficiency factor. We only can argue that the reason why the effect of this factor resulted negative might be lack or deficiency in other complementary inputs and services, such as fertilizers and extension in farms with high proportion of the factor. Education seems to have a negative effect on technical efficiency. Empirical research in most cases shows a positive effect of education on technical efficiency (Coelli and Battese, 1996; Tzouvelekas et al., 1997; Rajendran, 2014; Hossain et al., 2015) . In some cases education has been shown to have negative effect (Bozoglu and Ceyhan, 2007) . In some other cases the effect is even neutral (Mohsen, 2017; Jara-Rojas et al., 2016) . We argue that it is important the nature of education we talk about. In fact, when we talk about education, we have in mind formal or general education of farmers, not agricultural education. In this context it is not surprising a negative or neutral effect of education in the small apple sector in Albania; agricultural knowledge and skills would be more important than formal education.
Influence of age and experience on technical efficiency is not significant, otherwise it seem to be neutral in terms of effect. Findings in empirical literature support positive effect of age (Coelli and Battese, 1996; Lambarraa et al., 2007; Murtaza and Thapa, 2017) , as well negative in some cases (Jara-Rojas et al., 2016) ; or even neutral (Mohsen, 2017) . In relation with experience, the literature supports a positive effect but in some cases also a negative effect (Hossain et al., 2015) .
Role of advisory services result positive, thus the third hypothesis is fully supported by evidence. This is in line with the bulk of empirical research (Khan and Saeed, 2011; Murtaza and Thapa, 2017; Dinar et al., 2007) , but also neutral in some cases such as in (Jara-Rojas et al., 2016) . However, there is much more to improve in advisory services for the Albanian apple sector. As shown in Table 2 , the actual average sore for the access to and quality of advisory is only 1,52 (the maximum being 4).
Discussion with farmers and agricultural specialists reveal a number of important efficiency-related issues. For example some inputs mismanagement and ineffective implementation of apple growing techniques and technologies may exist, because of possible farmers' limited management capacity, insufficient technical knowledge and skills. As an example, the moment of spraying is critical for its effect on apple, but not all farmers could be able to identify it if not enough supported by advisory services or not well equipped with necessary knowledge and skills. Or, as experts of the field affirm, optimal combination of fertilizers' use with spraying is very critical in terms of apple productivity. Doing the right thing in the right moment and in the right way is extremely important to derive the maximum output from the amount of inputs used. Quality of inputs, as farmers frequently complain, may also be responsible for low effects of fertilizers and spraying on productivity and also efficiency. Uncontrollable factors, such as intensive rains and temperature fluctuations, as experts say, sometimes are difficult to control and may sometimes have tremendous negative effects.
Limitations of the study
This research provides only a general assessment of the aggregate level of technical efficiency in apple production in Korca area and some of its determinants. It's not representative for all apple farming sector in Albania because other apple producing regions are not included. Because of the model used (Cobb-Douglass conventional model) this research doesn't provide results on farm-specific production and substitution elasticities, what would be more helpful and indicative for policy intervention. Because of limited sample size, use of more efficient methods such as translog model was impossible and certain possible efficiency factors result insignificant. Larger sample could provide more efficient results and identify other determinants of apple production efficiency.
Though our focus was in some microeconomic and socio-demographic factors, other factors than those studied in this research may have an influence, as literature reveals, on apple technical efficiency. This could be the scope of another research.
Conclusions
Apple production in Albania is growing very fast, as it is having direct support from government and the country has good soil and climate conditions. But studies about technical efficiency are almost absent. The aim of this study is the assessment of an aggregate level of technical efficiency and its determinants in the apple farm sector of Albania. Data of for a sample of 150 apple farmers were collected and the Stochastic Frontier Approach was used. The general level of technical efficiency in apple production is estimated at 88%. This level can be considered relatively high. This means that with the actual state of technology, amount of land and other inputs used there is space for 12% more production. However, bearing in mind that about 12%, of the produced output is thrown away, because remains unsold or rotten, the general level of efficiency reduces to 76%, which is an average level however.
The efficiency farm-to-farm score range is about 21%, which means that for specific farms there is enough place for efficiency improve-ment. The median of efficiency is about 89%, meaning that half of the farm population is operating below the level of 89%.
Major determinants of technical efficiency is the access to and quality of the advisory services (extension). This results highlights the need to strengthen the system of service provision to farmers and use a bi-partisan public-private system, as suggested also by literature (Dinar et al., 2007) .
Some socio-demographic factors, such as age and experience are not determinants of efficiency, which sometimes is in line with experience elsewhere in the world as empirical research shows (Jara-Rojas et al., 2016) .
Education resulted a significant factor, but with negative effect. In relation to education, we argue that this result is quite possible, as far as with education as a factor here we understand the formal education of farmers (low, medium, university) . In the apple farming, as it seems. what is needed more is not formal education, but apple-related knowledge as an ensemble of apple cultivation-related knowledge and skills.
Farmers' apple-related experience has resulted insignificant factor, maybe because, as statistics show (see in Table 2 the coefficient of variation 4.2%) farmers' population is enough homogenous in terms of experience and a few years of experience may not make much difference in terms of efficiency. Age also did not prove to be a significant factor, because age correlates with experience and we argue that it could but be effective but mainly through experience.
Extension as a soft knowledge proved to be very significant as a factor of efficiency, as expected and confirmed also by the relevant literature. But as results show, there is much to improve in relation with the access to and quality of extension.
The number of apple plots and average plots size have positive effect on technical efficiency. By planting apple in different locations, farmers can reduce production risk (pests, irrigation, or weather related), compared to the case where all apple is planted in one location. And larger average plot seemingly creates better possibilities for better use of farm inputs, thus higher efficiency.
Proportion of area under modern cultivation results negatively related with the level of tech-nical efficiency, thus traditional orchards seem to be more efficient. This result is so maybe because modern orchard needs more skills and technical knowledge compared to traditional ones, and maybe farmers of modern orchard are not able need more technical support to manage a modern orchard.
Policy implications
Apart from improving productivity, use of intensive spraying could have negative externalities, such as soil, air and water pollution. Keeping environment clean and safe is as important as reaching high levels of efficiency. Therefore, supporting farmers with subsidies for the application of new technology to protect apple from insects, birds and atmospheric agents might be helpful in reducing spraying, and improving the quality of produce, while enhancing productivity and efficiency.
Adequate and regular training programs for apple farmers, and empowering public advisory services, are critical to increasing farmers' management capacity and their technical knowledge and practical skills, for the application of new technologies, fertilizers and spraying in particular, but not only. Training and advice could be specific according age group, education level or farm size, as well as and region specific, to achieve desired results. This would ensure higher level of efficiency with lower input base.
Measures to improve apple-related technical and market information is crucial to help farmers to make good decisions about apple cultivars and technologies, as well markets to buy quality inputs and sell their produce. These could have an impact also on efficiency by producing more with same resources.
Government financial support should be given by priority to projects involving larger land plots, since these are more efficient than the smaller ones.
Scope for further research
Specific case-studies and brainstorming sessions with farmers and subject matter experts are needed to in-depth analyze best and worst farms in terms of efficiency, and reveal existing problems, as well as knowledge and skills gaps to better use resources that farmers dedicate to apple production. In particular farmers with modern orchard may have particular needs to better manage their orchards and make them more efficient. However a special study of the situation should be undertaken for the apple modern orchard to discover whether and why this orchards seems to be, ceteris paribus, less efficient than the traditional orchard.
This research having a pilot character, a more comprehensive analysis of efficiency of apple farm production in Albania is needed. This need is in both terms of wider regional coverage (other apple producing areas of Albania are not included in the research at hand) and size of sample. This could contribute to more representative country-level results, and larger set of indicators (such as farm-specific elasticity, or farm-specific scale elasticity, regional differences in technical efficiency, etc.).
Other possible efficiency factors exist and should also be identified and tested in the future. This would help to have a more complete framework of efficiency determinants in the apple sector. All these would help to design and propose more effective and region-specific policy measures enabling or helping farmers to use more efficiently their production resources.
